Background and Purpose-Vascular conditions are becoming the greatest cause of morbidity and mortality in developing countries. Few studies exist in Latin America. We aimed to perform a rigorous stroke surveillance study in Durango, Mexico. Methods-Active and passive surveillance were used to identify all patients with potential stroke presenting to Durango Municipality hospitals from August 2007 to July 2008. Exclusion criteria were subjects younger than 25 years old, stroke attributable to head trauma, and non-Durango Municipality residents. Brain Attack Surveillance in Durangotrained neurologists validated cases as stroke using source documentation. Stroke hospitalization rates were defined to include patients examined in the emergency department or admitted to the hospital. Results-Abstractors identified 435 potential cases; 309 (71%) were validated as stroke. Of the validated stroke cases, the median age was 71 and 49% were female. Subtypes were 61.5% ischemic stroke, 20.7% intracerebral hemorrhage, 7.4% subarachnoid hemorrhage, and 10.4% undetermined. Overall initial NIHSS was a median of 11 (interquartile range, 7-17); in-hospital mortality was 39%. When adjusted to the world population, the age-adjusted hospitalization rate of first-ever stroke was 118.2 per 100 000; rates by type were: ischemic stroke, 69.1 (95% CI, 57. 
I n high-income countries, stroke has long-been recognized as a main cause of death and disability. The burden of stroke on developing countries has more recently been highlighted. The Global Burden of Disease study showed that in 2005, 87% of worldwide stroke deaths were in low-and middle-income countries. 1 In Mexico, stroke has become a major public health problem with the prevalence of chronic, nontransmissible diseases, such as hypertension, diabetes, and obesity, experiencing exponential growth and increasing above the prevalence of infectious diseases in adults. 2, 3 The socioeconomic impact of this "epidemiological transition" threatens to overwhelm health systems by giving rise to devastating consequences: cardiovascular disease and stroke.
Stroke is now the third leading cause of death in those aged 65 years and older (381.3/100 000). 4 Before planning and monitoring effective public health interventions targeted against this epidemiological transition, high-quality surveillance systems are needed. Despite stroke being a major health problem in Latin America, 5 there are only a few such epidemiological stroke studies in the region: 2 in Brazil 6,7 and 1 in a Chilean Hispanic Mestizo population (a racial admixture of Spaniards and Amerindians). 8 Mexico has one of the largest Hispanic Mestizo populations. In 2008, the population was 106 680 000 people, of which 90.3% were Hispanic Mestizo; the remaining 9.7% comprise mainly different indigenous ethnic groups. The Brain Attack Surveil-lance in Durango (BASID) study was established to build the vital infrastructure necessary to develop a surveillance system for cerebrovascular diseases in Mexico.
Subjects and Methods
The methods used in BASID's parent project, the Brain Attack in Corpus Christi (BASIC), which takes place in Corpus Christi, Texas, were adapted to meet requirements of Durango, Mexico. 9,10 BASID took place in Durango Municipality, which is located in northern Mexico ( Figure) and encompasses 1 large city and 112 small towns and villages. Total population was 527 157 in 2005 (target population aged 25 years or older: 247 665 habitants), with Ϸ90% of the population residing within Durango City, the capital of Durango State. The population mainly belongs to the Hispanic Mestizo ethnic group; indigenous ethnic groups are uncommon in this community. Medical care in Durango is highly self-contained, with the nearest urban centers Ͼ200 km away from Durango City. There are 3 large, acute care, public hospitals and 12 small, private hospitals whose combined catchment areas encompass Durango residents and the sparse populations of nearby municipalities. Therefore, the likelihood of referral outside Durango for first medical contact for acute stroke is extremely low. The Durango public hospitals have Ϸ50 adult beds each. CT is available 24 hours per day at all 3 public hospitals, with MRI at the largest public hospital. The small, private hospitals in Durango mainly provide obstetric care (all have 10 -20 adult beds); 3 have CT and 1 has MRI. There is only 1 nursing home and no CT/MRI scanners outside the hospitals. The Durango medical community includes 169 general physicians, 25 internists, 12 cardiologists, 8 neurologists, and 8 neurosurgeons.
Medical Insurance and the Hospital System in Mexico
The public health care system in Mexico is complex and provides services for insured and uninsured populations. The insured care system includes 2 institutions that cover Ϸ45% to 50% of the Mexican population: the Mexican Institute of Social Security serves employees working in the formal private sector (Ϸ40% of the Mexican population) and the Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado (ISSSTE) (Health and Social Security Institute for State Workers) covers government workers (Ϸ10% of Mexicans). The other 45% to 50% of Mexicans have informal employment or are self-employed and uninsured. Most of them (Ϸ50 million people) have to pay for prescription drugs and their health care services, including hospitalizations. These patients receive care at the third large pubic hospital in Durango, the General Hospital. Private hospitals give medical care to Ϸ10% of the population.
Surveillance System
During the first year of the project, begun in September 2006, we exhaustively met with hospital officials to determine the ideal way to ascertain cases. We assessed the quality of medical record documentation and the means by which cases are tracked within each hospital. Computerized case report forms were developed and pilot-tested.
The BASID protocol involved formalized data collection procedures. Abstractors underwent standardized training before starting the hospital surveillance phase. They were trained to review medical records and abstract data into an electronic case report form. All data collection procedures were outlined in a procedure manual in which standard definitions for variables were clearly described to ensure consistent data collection.
Ascertainment of Hospital Cases
Case identification of potential stroke cases was accomplished by using both active ("hot pursuit") and passive ("cold pursuit") surveillance at all Durango Municipality hospitals. The World Health Organization suggests the combination of active and passive surveillance to ensure the most complete identification of stroke Figure. Map of Durango. The BASID project is located in Durango Municipality, which is in the north center of Mexico. BASIC is located in Corpus Christi, on the Texas Gulf Coast. These strategic locations allow the study of stroke in those of Mexican ancestry on both sides of the border.
cases. 11 BASIC investigators also found the combination to be superior to either method alone for complete case ascertainment. 10 Exclusion criteria were subjects younger than age 25 years, individuals who had a stroke as a result of head trauma, and non-Durango Municipality residents.
Active Surveillance
Emergency departments, admission logs, hospital wards, and intensive care units were reviewed every weekday by study abstractors, with weekend logs reviewed on Mondays. Logs were combed for any symptoms or diagnostic terms previously validated as predictors of acute stroke in BASIC. 10 Abstractors reviewed the medical record of any patient presenting with one of the screening terms. All data were entered directly into an on-site laptop-based database. Abstractors then de-identified the record, digitalized the source documents, and sent them to the field office for validation.
Passive Surveillance
Lists of discharges with Stroke International Classification of Diseases, Tenth Revision (ICD-10) codes 160 to 169 (cerebrovascular disease) were obtained monthly from each hospital and from municipality death certificates. Any newly identified cases were reviewed and abstracted as described.
Stroke Validation Process
All potential stroke cases were reviewed by a BASID neurologist (A.R., G.Q., J.A.) who was trained to validate stroke cases according to study standards using all available source documentation. Ten percent of the validated charts were revalidated by the principal investigator in Mexico (C.C.B.).
Definitions
Strokes were defined based on published criteria 12 as an acute onset of focal neurological deficit attributable to a cerebrovascular distribution, persisting for Ͼ24 hours (except in the case of sudden death), and not attributable to another disease process. Based on the source documents, strokes were further classified as ischemic, intracerebral hemorrhage, subarachnoid hemorrhage, or unknown type. The classifications scheme required for ischemic stroke were: infarct on imaging (or a normal head CT result in the case of early imaging); for intracerebral hemorrhage, parenchymal blood on imaging or at autopsy (not attributable to hemorrhagic conversion of ischemic infarction); and for subarachnoid hemorrhage, sudden onset of severe headache or altered consciousness (with or without focal neurological deficits) associated with evidence of subarachnoid blood on imaging, cerebrospinal fluid studies, or autopsy. A stroke was classified as unknown type if it met clinical definition for stroke but imaging or autopsy was not performed to identify hemorrhage or ischemia.
Ethics
The BASID project was approved by the Institutional Review Board of the University of Michigan and the National Institute of Medical Sciences and Nutrition Salvador Zubiran in Mexico, as well as the 3 public hospitals in Durango. All study personnel, including physician validators and study abstractors, completed United States NIH Human Subjects Protection Training translated to Spanish.
Statistical Analysis
Descriptive statistics were calculated for all study variables in patients with validated stroke. Stroke hospitalization rate was defined to include patients with validated first-ever stroke who presented to the emergency department and were either admitted or sent home and those who were directly admitted to the hospital. TIA was excluded. Cumulative hospitalization rates of stroke were calculated overall, by stroke type, by gender, and by age group. Numerators were calculated from the case surveillance; denominators were calculated from the 2005 Mexican Census with population counts for those aged 25 or older. Rates were standardized to the population in Mexico (2005 Mexican Census counts), the United States (2000 United States Census population counts), and Segi 13 and WHO populations 14 using direct standardization. 15 We used classical direct standardization formulas: sum (w k * I k) /Sum(w k ), where w k refers to a weight assigned to each 10-year age group in the reference population and I k refers to the observed rate in Durango within the age group. To perform a cross-border comparison with the BASIC data, we also calculated first-ever and recurrent stroke hospitalization rates in Durango within the same age categories published for BASIC data 16 (45-59, 60 -74, and 75 years or older) and compared these to annual BASIC rates (published rate 16 divided by 3 to convert to annual rate). Ninety-five percent confidence intervals were calculated for all measures of incidence.
Data on evaluation and management of first-ever and recurrent ischemic strokes were summarized with frequencies and percents. Clinical outcome, as measured at hospital discharge, was summarized overall and by stroke type using medians and interquartile ranges. The crude annual hospitalization rate of any stroke (firstever or recurrent) was 143 per 100 000 population (95% CI, 128 -158). Table 1 describes the annual first-ever stroke hospitalization rates by age groups. Table 2 describes the annual hospitalization rates by stroke type. The crude annual hospitalization rate of first-ever stroke was 96.1 per 100 000 (95% CI, 84.6 -109.1) in Durango and 97.3 per 100 000 (95% CI, 84.6, 109.7) when adjusted to the Mexican population. The age-adjusted hospitalization rates of first-ever stroke 
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were 159.9 per 100 000 and 118.2 per 100 000 when adjusted to the United States and world populations, respectively. There was no statistical difference in rates by gender. Table 3 describes the evaluation and management of the 190 patients with validated ischemic strokes. Only 7.4% received any form of carotid imaging, and echocardiography was rare. Lipid profile was conducted in nearly half of patients (44.2%). Only 1.1% received intravenous tissue plasminogen activator. Among ischemic stroke patients who survived to discharge, prestroke use of antithrombotics or anticoagulants was 21.7% and increased to 78.2% at discharge. Use of lipid-lowering agents was low before stroke but doubled during hospitalization from 12.4% to 27.9%. Table 4 shows that stroke severity on admission as measured by NIHSS was a median of 11 points (interquartile range, 7-17). The length of stay was a median of 6 days (interquartile range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Overall in-hospital case fatality rate was 39% and was as high as 72% in stroke of unknown type; it was 52% in subarachnoid hemorrhage. Table 5 compares the age-and ethnic-specific annual stroke hospitalization rates per 100 000 for total completed strokes (first-ever and recurrent completed ischemic stroke, intracerebral hemorrhage, subarachnoid hemorrhage) that occurred in non-Hispanic whites and Mexican Americans in Corpus Christi, Texas (BASIC study) 17 and those in Mexican Mestizos in Durango (BASID study, current report). At all ages, stroke hospitalization rates were higher in Mexican Americans and non-Hispanic whites living in the United States than in Mexicans living in Mexico.
Discussion
This study provides a broad framework to address the quantity of stroke and quality of stroke treatment and secondary prevention efforts in Mexico. Despite an epidemic of stroke in developing countries, the paucity of stroke epidemiology data from Latin America hinders efforts to reverse this troubling trend. 5 The BASID stroke hospitalization rate of 96.1 per 100 000 is similar to the in-and out-of-hospital stroke incidences reported in recent population-based studies in developing countries, with the following rates per 100 000 and hospital admission rates: 86 in Iquique, Chile (71%); 8 103 in Tbilisi, Georgia (66%); 18 105 in Joinville, Brazil (84%); 7 130 in Matao, Brazil (97%); 6 and 151 in Mumbai, India (67%). 19 A systematic review of population-based studies from 1970 to 2008 showed a 42% decrease in stroke incidence in highincome countries and Ͼ100% increase in stroke incidence in low-to middle-income countries over the past 4 decades. 20 Although the BASID hospitalization rate in Mexico is consistent with other developing countries, Mexican Americans living in the United States had a 2-fold higher stroke (Table 4) . This means that although overall stroke hospitalization rates in low-to middle-income countries are converging with those seen in high-income countries, 20 there are places such as our cross-border comparison in which stroke hospitalization is still higher in the more developed country. There are 2 main possibilities to explain the discrepancy between stroke hospital presentation rate in Durango and in Corpus Christi. First, despite the same Mexican ancestry, Mexicans living in United States have a higher likelihood of stroke developing than do Mexicans living in Mexico because of changes in environment or lifestyle that alter stroke susceptibility. This has been seen in epidemiological studies of coronary heart disease in Japanese men living in Japan, Hawaii, and California, where a striking increase in the incidence of myocardial infarction occurred in Japanese immigrants to the United States. 21, 22 In this regard, Durango serves as a valuable comparison community to Corpus Christi, Texas, by providing continued monitoring of international trends and identifying stroke-related genetic, other biological, and social factors in those of Mexican ancestry on both sides of the border. The second possibility to explain the excess of stroke hospitalization rates in Mexican Americans is that a high proportion of stroke patients living in Mexico do not seek medical care in hospitals or their emergency departments, and receive medical care only as outpatients, or do not receive care at all. In the BASIC study, out-of-hospital strokes accounted for 5.6% of all first-ever and recurrent ischemic strokes (5.3% in Mexican Americans; 6.0% in non-Hispanic whites). 17 Community-based surveillance is the only way to determine the proportion of subjects missed by limiting surveillance in Durango to hospitals and their emergency departments. Door-to-door surveillance is 1 community-based method to rigorously ascertain missed cases; the WHO has outlined other possible methods that utilize primary care facilities 11 to accomplish communitybased surveillance.
This work has demonstrated clear opportunities for quality improvement in stroke care in Durango. Whereas it is well-recognized in guidelines that determination of stroke mechanism is critical for secondary stroke prevention, 23 carotid artery imaging and echocardiography are performed rarely in Durango. Development and implementation of specific pathways of care followed by performance measures may increase stroke care quality.
Limitations of this study include that it is hospital-based and may have missed patients with stroke that did not seek inpatient care, as discussed. BASID screening terms were adopted from BASIC and have not been validated in Spanish. Although 25 cases of first-ever stroke (10.5%) had no neuroimaging and thus were not able to be typed, this rate easily meets the Feigin criteria 24 of 80% neuroimaging rates for accurate diagnosis of stroke types in stroke surveillance studies. However, the paucity of additional diagnostic tests, such as vessel and cardiac imaging, meant that further subtyping of the ischemic strokes was not possible.
In conclusion, we found that hospital surveillance is feasible despite the differences in the documentation and methods of ascertaining stroke cases in hospitals of the various health systems in Mexico. BASID is now poised through door-to-door surveillance to study the proportion of patients with stroke who do not present for medical attention and then to identify specific targets for public health interventions to reduce the stroke burden in Mexico.
